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(54) SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To make a base thin and to reduce its 
plane size by a method wherein a single- crystal 
semiconductor film of a second conductivity type 
is formed on the surface of a single- crystal 
semiconductor substrate inside a first opening and 
a second polycrystalline semiconductor film is 
connected to the single-crystal semiconductor 
film in the halfway part of the difference in level in 
an opening in a first insulating film. 
CONSTITUTION: A first opening is formed in a 
first insulating film 7 on a single-crystal 
semiconductor substrate 3 of a first conductivity 
type; a first polycrystalline semiconductor film 6 of 
a second conductivity type is formed on the 
insulating film 7. The polycrystalline semiconductor 
film 6 is provided with a protrusion, in the 
horizontal direction, which is extended to the 
inside of the opening part in a prescribed length 
from the whole circumference of the first opening; 

a second polycrystalline semiconductor film 9 of the second conductivity type exists from 
the bottom of the protrusion to the lower part A first single-crystal semiconductor film 8 
oFthe second conductivity type on the surface of the single-crystal semiconductor 
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(57) [#ffW^O|5H3 

[»«JR 1 ] ft 1 ©^«S«D*^S^«*KO*iB 

£ft> -©ffiiSRji{c^2(D^*^©^-©#iSSffi^ 

ft, *feSul3»-©HPfflJrt©BfiiB*ISaiMW«!il^ 
ffi±{c (£g 2 a*tt&® JPJ&B4MMraRtt 6. ft, c 



[»^«2] If 1 S31$©*#fc3£SC:fc^T, 9u 

40 [it^3] mxm i §3«<z)*^*aefc:*v%T, as 

ft^ft S i G e jiSflMT^S ft, BU§3m-0^a* 
g3^-©^a^W»©«a«CiS^^JR^'j-9--f K 

mim&LZ ftT ^ * t -r ^mpmrn.. 
[M&m. 5 ] mi mmm<Dmi&m*mi*mo!)$mKm 

50 nmtzm i fflipito^ i <D&&sk*mfom*mm. 
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mm i cD»p*a^-rsfi!iH±fc^2 eommvimt 

•SxSi:, 851335 2 ffliSSftigS*; «fctrajf3!g 1 ©#*Sil¥ 
6 d £ t3 J: »5 ftfflBft 1 P ct 5 * 2 ©M □ 

m^m&zi&g&ztmtifKimmm 1 <D&sE&mi* 
m<Dm& LtzTmfr t>m 2 mmmcom 2 <n^m^mw 
m*f&&:i>Tz.nt>2-D<Dm*&im-r2>3i!mt, is 2© 

ifife^fcHfifB*i^ft^NI{WKi:cDK©MI®*IB 3 ©^ 
[000 1] 
[0 0 0 2] 

[0 0 0 3] ^V^-*©^fc£&fcLT^;t>&;U£ 

[0 0 0 4] *fc-Y^->?iA^T-tt, &ASftfc<f;*-> 
E £ « 3/ y =i >t&^®^ ©^(4-^ *9H3 >*£,H©SL 

ft£»K-ri&g#;fcs©T% MM-^imm-t^T— — jvx. 

Abfc^*6#J^i£t!tLTb*ao £©|g* N ^— x©p 

[0005] ^-t% m^-x*M.m-rz&mt[sT 

^tfJl^JxTl^SCS ymp. on VLSITec 
hnol. (1 98 9) PP91-PP92) . ^©S 

tifiTrgZtfi, ^©^trff$fi£f^^^5.^^©fc«)©ra 

St-T€>©T--<— ^ y*WP©t£S#^l©* 
Affix- -TtiT & «t 5 C> S*l&Jt7}£ tt¥ififl<HM 
X£A?< L*Jttx«^?>^v^ • nix 

[0006] 

[^*sfPj*U<toi:1-SISS] d©«fc?E. Sottas 
T-fcfc. ^-*£ig<1-6£fcfcE^©^ffifltjiMX*>/h 



[0007] ufc^oT, #3gBj§©gi$«\ <tt>M8 

[0008] *^BW©fBl©@Bfjtt, -<-^^<^o^ 
05 ©¥fflto-*M X4>/.h£<, v \*-f tf-^ h 7 >^^*5 J;V 

[0 0 0 9] 

DiJiJc^ 2 ©«its©f&-©^fi¥#fflK#^«- e. 
n> ^-^^©^ifg^^^jKtt^-cBgpc^ffl^e. 

df^©ft£ T'MPgB^CVfcTK^lRl©^- UJ b£W 

|gi£a»f£S«ilffl_tC«Sf! 2 ©«S^©B-©#^!<** 

I3^-©^i^^««iM©*ffl^^-©^M^VMp 
[0 0 10] *fc#P&HJ3©4M*fl^B©SB6#Sfciu 

n i ©#s^©#!isg^^<*a«©*a^^-©itei^jK 

25 e^t^igi:, -©8§-©iii&&iBI©3lffiCSg2©zg 
HOH-Ofgg^^^gctSligi:, c©^ 
-©^S*«i«R©*ffl^lS-©i^K^^i-Sa: 

gfc, ^-©^*g a ^^<«istf^-©i^M^®iRfl<] 
msb-t^s. v#fcmmmz.m 1 ©wp^s^-t^ 
30 ist c©^i©g|pgpfflfiyii(ci^is*^e<]^ 

1 ©WPSfSCJSfflA^IM K^>y^>^Ug 
-O^SSl^ftlOTffi^Cfi^e »t^ui-r -5 «fc 
ogiPLfe^2©^pgp^fig-r?,a:Si;. d©^2© 

35 mn&nx-m 1 ©«ss©^g^»»ffi©*H^e» 

m 2 ©^«^©*JKS*#^M*fi£«-r-5 fcPUWfC:*- 

40 iN«M«Jt©|!nB***-5xS^ «H©i^i^43i>v^ 
bTfg 1 ©HPaJ©«ISi:BfiI3^^©#^*« 
<*)S©«yfflK:m=©^M4®-r i: HBSfc b583^=©^ 

«ffltcH*nfcj(s 3 ©npa5©jsaJT**igffl#^M4 

45 [0011] 

[l^fifj] U1T> ISBBS#S^bfeA s e»*^B^©^Jf60iJ4 

[ooi2]ii tt^sncDM i mmm*7Ts-t>u 

50 **tt^*-5g|;«|5]&& j e>Bi-CM0S IC©- 
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5Q • cm©PS^ifsSffli''Jn>&Klt:t^^^ 
i:f SiSiftKCN* fflnu 2 #*RA«jty£ 
Jifc**U £ffl£5x 1 O^cm'©^*^ *«fcVl. 

0 ix mcom £ T? NSMMSfifcc V?3ris*juM3 &Mf&$ 

Sift 1 t:a-J-*»ftiK4K: J:oTa»©A««fc«-*iaF 
fljJK 4 (C <fc 2 -p©35:9-{c#g|2 n, ^fflcDgiJ^-ttzi 

t) m mr* 5 1 ur^ ©^© »; >jsttc <t o Ti*MK 
<b£*vrv^„ fr< iti/ij3>lft;i OOflMPtofcStv 
So ;r ©S<£ 10 0 ±i±-> y n >gfbJBI7 nmtotiis 

$,©fc«)©wp i o i t3v#t>m.*)mvmi$,5&mtii 

©TH3£v^> y 3 >»fliJBt*l5«*T *> <tv^„ > y >g 

*¥#ftfc*»)Hib-0->2>o ^©^tftBUSP^TH^ 

%W«ct*-3T^tr^^>+;i/j5ES{c«ts#i(gai'yr3> 
tr«t»)PM-<-xffi^8*^fig$nT*3t). ztib&m 

P3B1 0 lffCttNSt&ISaS'VsVJIl 1 

n> ni^^B^ffib^SSS fcg$4bT<^3o ->yn> 

■c<-^MJa8*«ttf^a^y=j>ji6, 9#«to*i 

T^&. ^— ^«8©affigp^KU±^a^y3>ic: 
7;i/-5^acj;sxs v#mmi 2-1, ^— 

i2-2, ^]/?*mmi 2-3&x-^y*7ffimi o, 

^fr>';3>16, 1 Kc^^tigEMbT^^ti 

[0 0 13] fr>tPS«3g{c:<fc*us> ^-^MtSSte^t: 
* ^ - wi/j&afc <fc t> *»-^> y 3 >»fbK 7 ©J¥£ t-ftiJ 

Sl^tfJtCfgJ&T- § 3 ©T~ 8 ©¥®6<J1M X£ 

^it^^nSo I32~iai O£#JS1-£fc01£^L#: 
b 7 > s?^ * ©Sliixg^fffi®^^ ftT v £ „ 
[0 0 14] *TE2Sr#^^nfcV% 0 JgJn^l 0-2 
0Q • cm© (10 0) ®75-{fi©P S^>yn>fflSl 

±ffi*mz®6 o o o^->y^ ho- iiMfcLzcomfc 
m±tc:as© y v^^ 7 ^ — x^tct ot 7 * s^x 

1 0, ISHF»x^f>^«lc «fcoT«JRlWc:^.y?- 



[0 0 15] *iStO-ft>aACJ;ot*4t5^ 
* — 5> -a- £ v#i*§wjs$© y w^yj 
-xgT-©{SS^-ffl©^^->^©fc©CH?if3S i 
05 O,^— ->^ffi$ixfcP "SS i**££5 0 03f 

hD-Asaawb-r a. a s ^*>sa 

bTtu3zE©^6 0 0 0t>^ho-A©Si0 ! Ii)S 

So -f *>&\3k&<D-mt bTtt7 0 k e V, 5 E 1 
10 5 cm-'ffet)riAt©i«!Sfcbtlil 1 0 0°C3B$ 
ra%B£b-r^>r±ANf©y^-^*SV> □I'i'^jS 

bTjl®©S iO'ffll&HE&:ny^>^gfc,fcoT:£ 
©n* MM&M&tem-CZ Z> U l/Tt±:r , >*- 

[0016] ^m^mmt^xmm-r^mmibm 
4 ©rffi© p- > y a b&w«fc 

25 TfcfcllOkeV, 1 E 1 4 c m 'fife ^WHMt LT 

i o o o-c^^H^fpT- mrar-feSo 

[0 0 17] *{C3Sffi©^bJffiSrHF^©J.^^>^ 
ia-5T^ffltm n" S^>yn>3it:^^^^;i/Jl 
3*fiES^*So J^^XfcbTttS iH 4 XfcfcSi, 
30 H,C1, &fflV^*?aKtt 1 0 0 0°C~ 1 1 0 0'CT- 
K— b!>^^fcbtttPH t #/?3^?>;h.S„ CI 
©«lcbT 1 x 1 0"cm'JMT©?Sl 1 K«^©jP$* s > 

mo. 7?7D>, «®ip^S3i«^©^«^*x- 

*«FiS«J«e#nST?«1 1 x 1 O'^m-'Cx^^ 

35 -^^»4?#So 

[0018] KlZ$miZ%] 5 0 o *>tr* V o-A©S 
i 0 , 0t«^JiS b^ L P C V D^tC <t ^) is y n >^b 
JBt^ftl 0 0 0^>^7 hD-Aii^^-e-So sfe^^b 
Ttt7 0 0~9 0 0°CT*S iH, CI, +NH, ©^ 

40 RJ&*m^2>o &£.V — Xgt:«t — 

>^U C©b^^ b£^;*<>#i:bT> S>y3>g-fb 
M^K^'f^y^>^{c:«toTI»A-rSo ^>yn>S-(b 
MT©**J5 0 0^>^bD-A©S iO,M©*®l 
0 0~2 0 0^>^7*X b a—l\mm&ffi£;$n2>m&(T' 

45 h*^:cy^>^*»T3-e-*t«, T»fc^-y*# 
xS^i:*<>'y=i>^b|^<£^{C|^*T-#So ^-© 
7*M/^7vb%|»£t5. =>^LfcJ/iJ 

50 «il 0 00 ,, C^^-ActJ4^T-i^8 0 0 03f->^Xb 
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[ooi9] m^^^Mh\^xm\^tz^')aymitm 
*m6 o°ccdu>^h, po, ifc mugow-sci^ic 

[00 2 0] #t£f?I^> »J n >^\M7&) 1 1 0 0 ;fr> 

tmmiz u ^ w — m h*^w j ^^{c«t of/ u 

K6**t)2 00 0t>^7 hD-ALPCVDifc.t-3 
Tift*»-r£„ gfe^tt«l6 2 O'CT-S i H, C 1, #JS#4 

[0 0 2 1] dCD^'J^yn>*U W=77<< — RV-tf 

[0 0 2 2] — KioT'*— *«ffifli 

->^£*. d©V^b§'77^{:*D>§2 0ke 
V, 5 E 1 5 cm '-f ^->ttA1--5o f h£ 

[0 0 2 3] >s«5 o ot>yx h n- 

A fc*> 'J 3 >^fbJ8l 1 0 0 0^>^hD-ASCVD 

m, mim<D2mm*ffia-tz> 0 ccd^h-cpoci 

1*90 0°C2 Ofr(Dmilimte£.-oXZ.(Dmam(DfrlZ 

So UTJJ1 2 J1MCD^> U ^ >m<tm-> U 3 >^YbH 

^UT^©^U3>^-fbM2 6 SCVDSt 
<fcoT> i&4 0 0 0^-><7^ hD- Ait^-frS,, {Sb 

^•©^©ai^^u— l>£i!<£-B-&ga<)T- 1 0 0 O'CCD 
0, tpf 2 0^iS«tli. 

I0024]fc W3<D£ol£, 7*M/^M9 
Si'^ >^<bM2 6 ©±®fcr^fiJ U U 7 ■< - 

[00 2 5] ia4CD«fc^{C, d(D7*M/i?^h 

1 9£Rfc£ir3o 

PCVDSti »> U n >»<bBI 1 3 (SiO,) *m 
&^'J3 >^bM 1 3 tplZis »J 3 2 6 ft^A/K 



U3>HftiBtl 3#*<fet>TV*S. 

[0 0 2 7]»It, MKD^o^ ^U3>mbBtl3 

05 3 >®<bBI 1 3 £:&££>*u -ettx; y fmatoWD 

[0 0 2 8]}fct, I28©j;a^> *Qf!ftbfc >K£ffl 

HPWfr&f^D-'fr&fctfiM Hx:^^>^-TSo CCD 
10 n" SJ/ 'J 3 >©xK^*>>+;H 3 Olfflfc 

K7©fl«£T*©^g!tt, |*l2 0 0 0t>^hD-A 
[002 9] .H9©«t'5fc\ fl^HdUnt:^*j/-y 

P^^*8«S*^^JSS^Un>IS9*^ffl 
20 ^> 'J 3 >I 6 ©Ilii bfcTI^t^St S„ CtltliS 
-r^*HU^!LS £ {sTm&R F 3%CDx: >y £^£$1 
BSM (fetX.«l-3 0BHFC3 0#ri) OtfTBM 
<bJBI£Bfc5fe b&gBc: -7 £M B EmWft fc Aft&o 
&£t&Bl*n!8 5 0°C 1 0«-|fflSft©riMMIK:«toriKl 
25 IB3i^5 : ->^5n ! a-C{i^^:t-$)ofcg^{bJK©l^* 

[0 0 3 0] &£#XV— 7MBE (Molecule 
30 r Beam Epitaxy, OTi^xW^-) 

5 6 0»C, S i, H, <Dmm*7 0 s c cm, EEti&m 
2xlO i Torrtfet), ^ U 3>JI&J&BBfcE»&7 

35 [003 1] pmi/ u ^ >;i£j&ii£-e-&fcto<z) k— t: 

V^^fcbTBjH, £/8^-So B, H, CD«E«(4Bf 

4©JP£ij$6 0 0^>^ hD-A, Bigg#]3 X 
1 O'^m-'CDoi^^^r^^^^fiKR-rSo 

4o - u n >^as^-^s 2 5 *)»Re<j£j5Ee 

-r&c i: liSd SiT- £&^ 0 ^bTCCSlR^SttK 
tt-t-X 2 4 t^^Si/ U 3 >W.$S^-X 2 5 i:* 5 ^ 

45 8 i:#*£Il-> 'J3>6fc (DMimim, £ * 1 ^©x§« 

ttT-i§i^fT^x.So tux, mm^M^-^8(Dm 

"t— 7.9CDP3t{±5 0 0 3T>^hD— AT$)i>„ 
^-^8©SEft»±, 1ST or rCDHTjTT-^ft^-B-SL 
50 PCVDi£-^ftb©x.^^^+;b^fei:x.«l 0 '~1 
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O s Torr©iW£T*/&R£-y-3UHV/CVD (U 
ltra High Vacuum/Chemical 
Vapour Deposition) SSt^ 

[0 0 3 2] mi KD&olZ, Siilffl^ffi^LP 

EMC Atu ^SB-*— 9 >j 3 >&*bBI 1 3 © 
Affile 'J n >KYbJBi 1 4 £?§-r 0 o^^T^M 1 
3, 1 4X^.m^tlX^^M^~^8±JC^i.^^ 
W&mfs U 3 > 1 0 * nafcZ>3SW»* 1 x 1 0 " c m-' 
B$m 1 0 0 0^->^X ND-ACD*^T-®(raUTJ^S 

[0 0 3 3] Um<D3^mtVXte'<.—X£a]/i?*<D& 

mmmvtz&ic ^ y 3 >sKbK 1 3 £m?l u a 1 m& 

SVHl'^^SlCieitAllgl 2^St. ~©l£^ 
HI 1 ® 4Mft0&B£tt£l-e # S o 
[0 0 3 4]&^ *»J(t NPNSh5>y^ 

fc^SCr^T-^So Sfc^©^^ ^3*>?>Ei5 

7©»PgB©;*;£;*T-WPU MPSB©(fflM£|H|bJP;* 
ofcT-^fbbT&M^tiSo i ©«-£!! PSB©i*ili©Btt 
«U 12 7 ©WPSB©fl£R«fc t> U n >^bM 7 £*f bT 

gitttisv^ ^»a^<, mmox-mzmmx-z 
[0035] #$gBj§©g§ 2 mmmzm 1 2 

©f£SB$^ #*4^i: UTS i, H, tGeH, 

MB E (Dgkmt, mm&l l ©sfeWfcbDXT G e H, £ S 
i, H, : GeH, = 1 0 : 1 (^Mit) (DM^Xma 

#^->yrJ>y;i/^^A-^SMl 5J±, 3 1/^*3 

[0 0 3 6] -©^Si:lBl^{c:#iKffi^y3>y;^zi 

>> iv&^aw-x i 6 i>^<—^mmm^m^> u=>> 

[0 0 3 7] c:®^ 'J3 >y;i/?z^A^-7l 1 

5 (omfffirptt, x-Kvtt vxm^t^> y n >©«ftj 
m.**v7Kt^xmmttj:ix, ^-*«m©ti*& 
tzit>iz'<-xm*mm • Mmm^^tzm^x-i>. mm 



[0038] *.mmw, zmmm^m 1 3 ©8?r®^£ffl 

^Ta&BJJirSo ^lHSS^J©^®>y3>^6©gB^ 

#fSS&0>JT*JotT iSi.f ilml7 k&GMfr U 
3>^2 0©2S«iii:^oT^-S o flb©«igSVSBt 

05 #aa± % m immmtmtx&ho ^m^cts t i s i 

, f i 1 m 1 l(Dmm&\^tltts ^-xmn.*{5MX 

$z 0 Mm%mt, ^s^>y3>M2o±tTiig% 

* n 9 t> b fc^gtMS b r ±M© 2 ff ^ff^-T S o 
mx.it, TiSi,I17coJP^^1 00 0^>^ 
10 bn-A/^jSS>>Un>^2 0©ff^^l 50 0^- 

2~3Qi::fe3„ ^©ffifctfifili. fgIi/'Ja> 
JS6*sff$*s^2 5 0 0^">^X hD-AT|Bj-iH^*S 

15 i£titfli* 5 *^TKl^-3TV%S„ 

[ 0 0 3 9 ] m 1 4 tt, *^©^4^eis^j©^«^ 

gCD^aiaT'&So #f^#J©ig&#fjg;&tftgi§#t£ 
fcfc, ^lSUS0>Jh|5l-T-*>S©T% jSaSB^It^UiH^ 

20 **-ffl#^gs/y n>JM2 i&vn* x? >>-^j!S 

mi&<DfrtztfiSt>£.m<tl;-3X^X, Y^yV^(D 
x>f y^>^ , ^jK©i«ig'fb* s ^ Zlz&mxgZo 

-©tstwi 1 8 <Dmfm^, m&^-xB& 1 8 <D7fmvo 

25 A 5 , x^^>+;H3C:ffiStt, ^hrji/ 
[0040]l315i:Ell6 ^*^©»4|Qfie?iJ©^ 
[OO41]015tt, Ml 0t|SIbtt<olT-$>So c© 

30 tf.m£x-<?)§kmjjmt, mimmmtm4mmmiixm 

[0 0 4 2] *-f> 121 6©»raEl©otd^LPCVD 

>^{ciot^Tc:©^>y3>^-fbMl 4*xvf;ts>ii 
35 U ^-bT^SB^— ^©ilSCi'Un^ftlgl 4%^ 
"To *ty'j3>^gKl 4T-^a^<XTV^V^14^ 

— x^8±{3n^s.>y^#isggi>y3>meg2 1 
^ ^ <>^i£twi 1 8 

40 [0043] ^©Xgfc bTfi, 1 hlsiaifc:^ 

— * i: 3 1/ ^ * ©^JS»S©fc4i)lc y a >^YbK 1 3 

A 1 1 2 4^-To C©^*, ® 1 6 ©JSrffiB&W 

45 

[0044] *&W(Dm 5 ©ni«0ij^Ei 1 7 am 
50 mmxM*mmi,tz&fr*mffitZo m2mm&\<Dmm. 
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l 5 t^tem^ 'J 3 >y;i/v^>i7 a^SB^— ^ l 6 t-$> 
ho ;rti£«fc»K HM50IJ2, 4©^£i§rfc-feH#ofc, 

s i,jRk*igji'>y3> i o t(D2mmmttz^T& 

[ 0 0 4 5 ] 0 1 8 «U *3gBJ§©Sf§ 6 fQ£0"J©*z9«q& 

[0046] *HJiS0ycD##©«im©«|J5Ett, nS^tt 
*8&#1 x 1 0 1, atm/cm 3 ^in^tvfc^^ ^fll* 
IS*^ U 3 >M 2 2 tx ^ v9WUm94&W& U ^ >B£ 

ism c:©^?. y^mra«nrB^>;3>JKi 8 
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